
KEYSTONE
FERRY TERMINAL

RELOCATION FEASIBILITY
STUDY

August 2003

PREPARED BY:
CH2M HILL

Author: Douglas R. Playter, P.E.



FINAL FEASIBILITY STUDY_080703A.DOC ii

TABLE OF CONTENTS

EXECUTIVE SUMMARY ........................................................................................................ iv
Purpose.............................................................................................................................. iv
Key Issues to Consider ..................................................................................................... iv
Results............................................................................................................................... iv
Estimated Costs.................................................................................................................. v
Next Steps .......................................................................................................................... v

INTRODUCTION........................................................................................................................ 1
Study Objective.................................................................................................................. 1
Route Statistics .................................................................................................................. 1
Vessel Considerations........................................................................................................ 3

EXISTING CONDITIONS ......................................................................................................... 5
History ............................................................................................................................... 5
Vessel Operations .............................................................................................................. 6

FEASIBILITY OF RELOCATING KEYSTONE FERRY TERMINAL.............................. 9
Preliminary Investigation................................................................................................... 9
Community Agency and Tribal Participation .................................................................... 9
Operability ......................................................................................................................... 9
Engineering ...................................................................................................................... 13
Environment..................................................................................................................... 14
Cost .................................................................................................................................. 19

CONCLUSION .......................................................................................................................... 21

Figures
1 Keystone Ferry Terminal Vicinity Map
2 2001 Keystone Cancellations
3 Pushing Back a Lake to Build Boat Haven
4 Operational Conditions
5 Grounded State Ferry
6 Wind, Waves, and Currents
7 Sailings Lost per Year
8 Study Area Affected Wetlands

Tables
1 Keystone Scheduled Sailings Per Year
2 Keystone Percentage of Time Inoperable and Number of Lost Sailings Per Year
3 Relative Impacts by Environmental Factor
4 Feasibility-Level Cost Estimate



FINAL FEASIBILITY STUDY_080703A.DOC iii

Appendices
A Stakeholder Input and Agency Meetings
B Wind, Waves, and Currents
C Vessel Operability Analysis
D Offshore Geology
E Conceptual Terminal Designs
F Traffic Assessment
G Underwater Habitat Survey



FINAL FEASIBILITY STUDY_080703A.DOC iv

EXECUTIVE SUMMARY

Purpose
The Keystone-Port Townsend ferry route is currently served with 76-year-old Steel Electric
vessels that will be retired within the next 10 years.  The replacement vessels will be designed
similar to the existing Issaquah class vessels, which cannot navigate the shallow and narrow inlet
to Keystone Harbor.  Alternative vessels with the capacity to meet systemwide needs, and the
physical characteristics necessary to navigate Keystone Harbor, will not meet Washington State
Ferries’ (WSF) goal of a standardized and interchangeable fleet.  Therefore, WSF is evaluating
the feasibility of relocating the Keystone ferry terminal to a location outside the existing harbor.
Other potential benefits of a new location include a more reliable service schedule (Keystone
ferry terminal has more canceled sailings than any other in the WSF system) and better access to
and from State Route (SR) 20 and Engle Road.

The purpose of this feasibility study is to identify a range of potential new sites for a ferry
terminal and to determine if there are fatal flaws associated with relocating the terminal outside
the existing harbor.  The final selection of the site will involve a thorough environmental review,
which will include an examination of several potential alternative sites within the service area
and analysis of potential environmental impacts.

Key Issues to Consider

Some of the key issues to consider regarding potential relocation of the ferry terminal include
tribal treaty rights, recreational use of the spit, environmental impacts of relocation versus the
impacts of widening and deepening the existing channel, general environmental impacts on the
Keystone spit ecosystem, impacts on Crockett Lake, and traffic impacts on both Whidbey Island
and Port Townsend.

Results
The results of this study have concluded that it is feasible to relocate the terminal outside the
existing harbor, and that using a more maneuverable vessel such as the Issaquah class reduces
the number of cancelled sailings due to tides and currents in Keystone Harbor from 95 per year
(the 2001–2003 average) to 21 to 46 per year at a new location.  The number of cancellations due
to wind, waves and currents at a new location would depend on the location of the terminal and
the slip orientation.  An environmental review will be undertaken to identify and address the
issues raised by the relocation.
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Estimated Costs
Engineering costs and environmental factors were evaluated to assess the cost of a potential
relocation.  Relocation costs would range from $36 million to $62 million depending on the
location selected and the number of slips constructed.  At the low end, the $36 million estimate
includes a single slip located on the east area of Keystone Spit; at the high end, the $62 million
estimate includes a double slip located on the west area of the spit.  There are other terminal
locations and configurations that would result in cost estimates between these bounds.

Next Steps
During two public meetings and separate meetings with tribal representatives, many groups were
concerned about potential impacts caused by relocation of the ferry terminal to Keystone Spit.
The environmental review process will provide an effective forum to identify actual impacts,
inform the public, address issues and potential mitigation, and decide on a final terminal
location.
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INTRODUCTION

Study Objective
Washington State Ferries (WSF) is investigating the feasibility of relocating the Keystone ferry
terminal from its existing location to an unspecified location outside of the existing Keystone
Harbor.  The relocation is being considered to allow the use of larger standard-sized vessels.  For
this reason, a potential relocation would provide an opportunity for WSF to improve service on
the Keystone-Port Townsend route.

For purposes of this feasibility study, the Keystone Spit area immediately east of Keystone
Harbor was considered the study area (see Figure 1).  This area is close to the existing terminal
and has low bank access to SR 20.  These attributes are appropriate for a comparison at this level
of analysis; however, if the project moves forward to the environmental review process, then
additional alternative locations would be considered. The additional alternatives could include
no-build, modifications to the existing harbor, and evaluation of other locations that would meet
the purpose and need for the project.

This feasibility study compares the effects of relocating the ferry terminal versus using the
existing location in terms of performance, design feasibility, cost, natural and built
environmental impact, impact on property, and potential mitigation.  Overall, the purpose of this
study is to answer the question—are there one or more sites outside the harbor that are feasible
terminal locations from a technical, operational, environmental, and financial standpoint?

Route Statistics
The Keystone-Port Townsend ferry route provides the most direct link between Whidbey Island
and the Olympic Peninsula.  The route is more heavily used in the summer months for recreation
because it provides a direct and scenic route for travelers between Jefferson and Clallam counties
on the Olympic Peninsula and communities in Island, San Juan, Skagit, and Whatcom counties.
Without this ferry route, the shortest distance between Port Townsend and Keystone would
require driving approximately 70 miles and taking the Kingston-Edmonds and Mukilteo-Clinton
ferries.  The estimated time to make the trip around is over 3 hours, as opposed to the 30-minute
sailing between Port Townsend and Keystone.  Ridership on the route in 2002 was 798,291.

The Keystone-Port Townsend route is important for regional mobility and tourism; however, it
has operability problems caused by severe low tides and associated currents that prevent the ferry
from safely entering Keystone Harbor.  For example, in 2001 there were 99 canceled sailings due
to a combination of tides and currents at Keystone (see Figure 2).  The 99 cancellations are
roughly equivalent to 8 operating days based on an average of 12 sailings per day.  Cancellations
are frequent in the summer months when ridership is high.  The canceled sailings represent lost
revenue to the ferry system and, more importantly, are extremely frustrating to the traveling
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public.  Even though cancellations are predicted and a cancellation bulletin is published, tourists
are not always aware of the cancellations, which leads to extremely long lines that affect traffic
on the roads leading to the Port Townsend and Keystone terminals.

Vessel Considerations
Ferry service to Keystone is currently provided only by Steel Electric class vessels.  This type of
vessel was originally built in 1927 for service in San Francisco Bay.  WSF operates four Steel
Electric class vessels systemwide, with one or two working the Keystone-Port Townsend route,
depending on the season.  These vessels are 74 feet wide by 256 feet long and have a relatively
shallow 12-foot-9-inch draft.  The Steel Electric class vessels are the largest ferries operated by
WSF that can reliably enter the channel into Keystone Harbor.  Keeping these vessels in service
would involve extensive renovation over the next decade.  WSF thinks a better business decision
is to replace them in the next decade with a more universally applicable class of vessel.

As part of WSF’s strategic plan, new vessels will be designed for commonality with the existing
fleet.  The goal is to increase efficiency by working towards a fleet of interchangeable vessels.
The current plan is to replace the Steel Electric vessels with a vessel similar to the Issaquah 130
class.  The vessel is larger and has a deeper draft than the Steel Electric.  A larger, deeper draft
vessel would be more stable and have the ability to handle more vehicles.  This vessel is highly
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maneuverable, carries 130 vehicles, and is already in use within the ferry system.  Constructing a
new class of vessel similar to the Issaquah 130 will give the ferry system much more flexibility
with vessel assignments that will benefit not only the Keystone-Port Townsend route, but also
the entire system.  For example, when a ferry requires replacement for maintenance, it can be
replaced with a ferry of similar capacity rather than a smaller one.  This capability provides WSF
customers systemwide with a more reliable system.
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EXISTING CONDITIONS

History
The Keystone-Port Townsend ferry route originated in the days of the Mosquito Fleet in the
early 1900s.  Prior to 1948, auto ferry operations took place at a terminal location approximately
1.5 miles east of the existing terminal, where SR 20 makes a 90-degree turn to due north (see
Figure 1).  The terminal operated seasonally in this location due to weather and lower traffic
volumes in the winter.

In 1941, the United States Government through the Secretary of War authorized a new harbor to
be constructed. The intent was to build an all-weather, year-round ferry terminal on the
southwestern shore of Crockett Lake to increase regional mobility and, importantly at the time,
to provide reliable ferry service for moving troops and supplies between Fort Worden and Fort
Flagler on the Olympic Peninsula and Fort Casey on Whidbey Island.  Construction of the jetty,
the harbor, and the berm that separated Crockett Lake from Keystone Spit was completed in
1948 (see Figure 3).  The original navigable channel was 150 feet wide, with the bottom of the
channel at elevation –18′ mean lower low water (MLLW).

Figure 3
Pushing Back a Lake to Build Boat Haven
(source: Seattle Times, January 4, 1948)

Relocation Feasibility Study
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Since 1948, vessels using Keystone Harbor have increased in size from the 165-foot by 48-foot,
all-wood MV Defiance to the 256-foot by 74-foot MV Quinault and MV Klickitat in use today.
In response to the increased size of vessels, the navigable channel was widened to 200 feet and
deepened to –25′ MLLW.

Shortly after the harbor was constructed, Olympic Ferries, Ltd., of Port Townsend built the
original Keystone Harbor terminal facilities.  Olympic Ferries operated at the original site until
1973, when it became unprofitable.  In 1974, WSF was directed by the Washington State
Legislature to operate the route and, in 1979, built the existing terminal about 150 feet west of its
previous location.  Operations were switched to the existing location and have remained largely
unchanged since that time.

Vessel Operations
While Keystone Harbor construction initially improved ferry service between Keystone and Port
Townsend, the harbor does not ensure reliability for landings.  The 99 sailings canceled at
Keystone in 2001 represent 2.2 percent of the 4,410 annual scheduled sailings on that route.
This percentage is more than four times the WSF systemwide average of 0.5 percent.

Cross-currents are the greatest challenge in landing a ferry at Keystone.  Because of the several
groundings at the entrance to the harbor over the years (see Figure 5), WSF has a set policy that
ferries may not enter the harbor when crosscurrents exceed 3.5 knots, as determined at the
nearest monitoring station.

To further illustrate how the crosscurrent affects the approach at Keystone Harbor, refer to
Figure 4.  As can be seen, the typical approach at other ferry terminals in the WSF system would
have the vessel beginning to back down at 1/4 mile (1,320 feet) from the wingwalls, or about
1,100 feet from the outer dolphin.  This is often not possible at Keystone because of the
crosscurrents at the south end of the jetty.  As the bow of the vessel crosses an imaginary east-
west line at the south end of the jetty, the bow encounters slack water while the stern is being
pushed strongly to the west by the current.  To counteract the current force on the stern of the
vessel, the captain must maintain propeller thrust on the rudder to steer.  Often the current force
exceeds the vessel’s ability to compensate and this causes the vessel to veer from the preferred
straight-in approach.  The vessel captain must then correct course inside the south end of the
breakwater prior to backing down for the final approach.  As can be seen in Figure 4, the
maximum theoretical backdown distance is only 720 feet from the wingwalls, or about 500 feet
from the outer dolphin, which is less than half of typical.  This condition is the cause of several
groundings each year at Keystone Harbor.
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Figure 5
Grounded State Ferry MV Quinault (source: Seattle Post-Intelligencer,

August 23, 2002; photo credit: Meryl Schenker)
Relocation Feasibility Study

Intuitively, one can see that if the vessel were to increase in size, the available width within the
channel to correct course and the backdown distance would decrease.  For example, if the 328-
foot by 79-foot Issaquah class vessel were used in the harbor, the backdown distance would be
approximately 650 feet (less than half of typical), or about 430 feet to the outer dolphin, because
the Issaquah class is 72 feet longer than the Steel Electric class.  That, and the shallow depth of
the harbor rule out the assignment of a larger vessel.
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FEASIBILITY OF RELOCATING
KEYSTONE FERRY TERMINAL

Preliminary Investigation
As previously discussed, the purpose of this study is to investigate the feasibility of relocating
the Keystone ferry terminal outside of Keystone Harbor to allow a larger vessel on the run and to
improve WSF system efficiency, reliability, and safety.  For study purposes, the most
comparable location appears to be the 1.5-mile-long Keystone Spit that lies east of the existing
harbor.  Any conclusions drawn from this study regarding Keystone Spit do not constitute a
decision to move the terminal or the identification of an alternate site.  This chapter provides
overviews of the specific issues identified for Keystone Spit from operational, engineering,
environmental and cost perspectives.

Community, Agency, and Tribal Participation
Public and tribal meetings were held as part of the feasibility study to elicit stakeholder input
regarding the potential relocation of the Keystone ferry terminal.  During the kickoff phase of the
study, an open-forum public and agency meeting was held in Coupeville on July 30, 2002.
Comments and questions raised by the attendees are included in Appendix A.  These comments
were important in shaping the study and developing recommendations.  At a second meeting on
November 30, 2002, the findings of the study were presented to the public and discussed in an
open forum.  Comments from the second meeting and attendees are included in Appendix A.

A series of meetings between WSF and potentially affected tribes also occurred over several
dates in 2003.  Summaries of these meetings and issues are also included in Appendix A.

Operability

Current Data
Current and wind data were gathered to evaluate the operability of the ferry outside of Keystone
Harbor.  Current meters were deployed at the locations shown on Figure 6 to identify the
currents along Keystone Spit.  The western meter was used to determine the effects along the
west study area, including the jetty, and the eastern meter was used to provide general
information about the east study area.  The eastern portion of the spit was assumed to have
generally consistent currents because there are no physical features that would cause a
concentration of flow and associate high currents. Figure 6 shows that currents are
predominantly east to west along the spit because, in addition to the ebb current, there is a
counterclockwise eddy that occurs during a flood tide.  Also as shown on the figure, the currents
at the west current meter location run 84 percent of the time to the west at a maximum velocity
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of 4.5 knots; and the currents at the east current meter location run 75 percent of the time to the
west at a maximum velocity of 3.0 knots.  Appendix B contains the full report on currents and
discusses the methods and means used to obtain and analyze the data.

Wind and Wave Data
Appendix B also describes the development of the wind and data record and subsequent wave
generation method.  Figure 6 summarizes relevant results of the wind and wave analysis.  The 3-
foot wave height is significant because it causes a 0.5-foot bow-heave when acting on the beam
(or side) of the design vessel, which is the controlling criteria for in-slip vessel operations.

Vessel Operability
To evaluate the vessel’s operability at a terminal outside of Keystone Harbor, a sophisticated
vessel model and methodology was developed.  The development of this model and the detailed
analysis are contained in Appendix C.  The vessel operability analysis considered both the
dockside operability and the approach/departure operability.  The results are presented in Figure
7 as the number of sailings that would be missed if the terminal were to be moved to the sites and
orientations shown.  These numbers were calculated by multiplying the “scheduled sailings per
year” shown in Table 1 by the “percentage of time inoperable” calculated in Appendix C and
shown in Table 2 (i.e., 1.05% × 4,410 = 46).  For comparison, the 2001–2002 average number of
Keystone sailings missed (95) from the existing location (based on 99 cancellations in 2001 and
91 in 2002) is also shown in the figure.

TABLE 1
Keystone Scheduled Sailings Per Year

Scheduled Sailings/
Day

Scheduled Sailings/
Period

Mid-May to Mid-October 15 2,281

Mid-October to Mid-May 10 2,129

Total Per Year 4,410

TABLE 2
Keystone Percentage of Time Inoperable and Number of Lost Sailings Per Year

Site and
Orientation

Waves
(%)

Wind and Current
(%)

Totals
(%)

Sailings Lost
Per Year

West
052° 1.01 0.04 1.05 46
332° 0.34 2.34 2.67 118
252° 1.01 0.01 1.02 45

East
073° 0.99 0.01 1.00 44
353° 0.17 0.30 0.47 21
273° 0.99 0.02 1.01 45
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As shown in Figure 7, two of the three terminal orientations in the west study area would offer
an improvement over the existing location inside Keystone Harbor.  The two orientations that
roughly parallel the shoreline are favored because the vessel is approaching either into or in the
same direction as the current.  In the non-favorable orientation (118 missed sailings), the vessel
approaches through a crosscurrent in much the same way that it does today and is also exposed
to wind and wave conditions outside of the harbor.

In looking at the forecasted missed sailings at the east study area, it can be seen that all
orientations offer an advantage over the 95 missed sailings in Keystone Harbor.  The east and
west oriented approaches in the east study area are nearly identical to the west study area because
they are primarily influenced by their orientation in line with the currents and the wind influence
is the same.  The generally north orientation has by far the best operability of the orientations
studied.  The reason it outperforms the others is a combination of two factors.  First, the
maximum crosscurrents are less than the similar orientation in the west study area. Second, the
orientation places the stern of the vessel more directly into the wind and waves.  The vessel has
more ability to overcome the less severe crosscurrents and its orientation in-line with the wind
induces less motion than if wind were on the vessel’s beam.

In summary, five of the six orientations studied offer a sailing advantage over the existing
location within Keystone Harbor.

Engineering

Uplands
From the practical engineering perspective, Keystone Spit is an ideal location for a ferry
terminal.  The uplands are generally flat and underlain with sand and gravel.  Grading for the
entry, toll plaza, and holding lanes would be relatively inexpensive.  Little or no fill material
would be needed and the resulting pavement structure would be durable.  Other sites yet to be
evaluated during further environmental review could offer similar attributes.

The utilities that are present are power and telephone.  Water would require a well, and sewer
would require a septic system.

Offshore
A bathymetric survey was completed by WSF Terminal Engineering staff and was used in this
feasibility study (see Appendix D).  The survey indicates the presence of a relatively steep beach
slope (3:1) that continues falling until approximately –50′ MLLW, at which point it continues
falling at a much flatter slope on the order of 30:1.  This condition is ideal for constructing a
cost-effective ferry terminal.  The trestle area is minimized because deep water is so close to
shore due to the steep slope.  In addition, the cost of trestle and landing structure piling would be
within normal ranges because as the bottom flattens out quickly, the piling lengths stay within
typical ranges.

A reconnaissance-level subsurface sonar survey (Appendix D) was performed to verify the soil
conditions for preliminary piling and foundation design.  From the sea floor to –95′ to –115′
MLLW, the soil consists of sands and muds.  Below this is glacial till, and below the glacial till
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layer appears to be another less-dense layer.  Pilings would not be expected to penetrate below
the glacial till layer.  Because of this, the pile-driving conditions are typical for ferry terminal
construction and costly construction techniques such as rock anchors would not be required.

Terminal Layout
Conceptual terminal layouts were developed for the east and west study areas.  The purpose of
these layouts was to provide a basis for the environmental screening (see below) and to bracket
the cost of the potential terminal relocation. In order to perform a preliminary design of
conceptual terminal, a set of design criteria was developed (see Appendix E).

The conceptual terminal layouts are included in Appendix E for the west and east study areas as
Figures E1 and E2, respectively.  These layouts are essentially the same upland; however, they
vary offshore.  The most notable difference is the length of trestle and the two additional
dolphins in the west study area layout.  The western layout is nearly 500 feet longer than the
eastern layout.  The reason for this difference is that the vessel approach to the western layout
must clear the Keystone Conservation Area, as shown previously in Figure 4.  In the eastern
layout, this constraint is eliminated, and the terminal can be placed much closer to shore.

The longer trestle of the western layout allows more vehicle holding over the water and less on
land than the shorter trestle of the eastern layout.  This accounts for the additional four holding
lanes on shore in the eastern layout.

Traffic
A brief analysis of Keystone area traffic impacts was conducted to determine if the introduction
of larger vessels and/or relocating the terminal anywhere on the spit would significantly impact
traffic.  The analysis showed the Level of Service (LOS) on SR 20 would change from Level A
to Level B if the vessel capacity increased from 75 cars to 130 cars and if the vessel operated on
the same schedule.  The location of the terminal was inconsequential as traffic is consistent along
SR 20 within the study area.  Since both LOS A and LOS B are considered free-flow conditions,
this change is below the impact threshold.  Appendix F provides a more detailed description of
the traffic analysis.

Environment
A preliminary screening of the terrestrial and aquatic environments along Keystone Spit was
done to identify any environmental concerns that could prohibit locating a terminal.  The
following is a fatal-flaw analysis relative to aquatic and terrestrial habitat issues for the potential
relocation of the Keystone ferry terminal.

Eelgrass
A submarine videographic survey was conducted in August 2002 (see Appendix G) along the
entire shoreline of the study area.  The survey located a small patch of eelgrass just east of the
abandoned Army fort pier at a depth of about 11 to 15 feet.  This eelgrass patch measured about
30 feet square (914 square feet).  The remaining shoreline is too rocky and high energy to
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support eelgrass.  No eelgrass was found in Keystone Harbor.  Neither an east area nor a west
area relocation would impact the eelgrass bed.

Macroalgae
Macroalgaes were abundant throughout the study area.  The dominant species were Ulva, a soft
sheet-like green algae, and Laminaria sp., a large bladed brown algae.  Keystone Harbor and the
entire length of the spit had a patchwork of Ulva, Laminaria sp., and other macroalgaes.  This
was expected because the substrate throughout the study area is dominated by gravel and cobble.
Relocating the terminal to either the east or west area would shade out macroalgae, as well as
scour away some macroalgae as a result of prop wash.  Both areas appeared to be equivalent for
this resource.  Moving the ferry operations from the harbor would compensate for the loss of
macroalgae resources at either the east or west area.  Shade-related compensation would be less
than the new impacts, but prop wash-related impacts would likely be less at the east and west
study areas.  The reason for this is the approach to the existing terminal is shallow for a
considerable distance, and is thus subject to prop wash scour.  A new terminal at either study
area would be in deeper water, with less exposure to prop wash and scour.

Keystone Conservation Area
The Keystone Conservation Area is part of Washington Department of Fish and Wildlife marine
sanctuary park system.  This marine park was created in May 2002 (WAC 220-16-760).  The
boundaries of the park extend from the jetty, east to the east side of the abandoned Army pier,
extending offshore for 600 feet and then paralleling shore to a point straight off of the east side
of the jetty (see Figure 4).

The marine park is used primarily as a SCUBA diving recreational site.  The park also provides
protection for reef-inhabiting fish and invertebrates such as rockfish, lingcod, wolf eels, cabezon,
sea urchins, abalone, and octopus.  The main dive destination is the jetty, but the abandoned
Army pier is listed as an alternative dive destination in Northwest Shore Dives (Fischnaller
1990).

At the current time, there is a risk of divers straying into the channel and surfacing in front of an
approaching ferry because of the patterns and intensity of the current at Keystone.  The currents
near the Keystone jetty can be very strong and do not move symmetrically with the tide.  The
current flows east during the early stage of one of the daily flood tides and flows strongly west
during the latter stage of the flood tides and during both daily ebb tides. Divers can dive on either
side of the jetty.  At the end of the jetty, a moderate to very strong current moves west towards
and across the ferry lane, which is very close by.

Relocating the terminal channel would place the ferry operations east of the eastern boundary of
the marine park.  Divers would more likely be swept west by the current toward the existing
channel than they would east toward a new terminal because of the prevailing currents (see
Figures 4 and 6).  A row of dolphins would be placed outside of the marine park boundary to
prevent a ferry from accidentally straying into the park during inclement weather conditions or a
power failure.
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In conclusion, the terminal relocation could create a ferry approach and terminal that is
sufficiently distant from the Keystone Conservation Area to enhance diver safety.  Ferry
operations also would not likely affect the marine ecosystem in the marine park.

Sport Fishing
Sport fishing opportunities for salmon from shore is rare in Puget Sound.  There are only a small
number of locations, perhaps eight to ten, where adult salmon migration patterns and shoreline
morphology place the salmon within casting distance of shore.  Admiralty Head and Keystone
beach are two such locations.  A few others are known to exist on Whidbey Island, most notably
Bush Point.

The popularity of sport fishing at Keystone for salmon, especially coho, has grown rapidly in
recent years.  In 2001, in association with a record coho run into Puget Sound, thousands of
anglers were reported to fish this shoreline.  Their cars were reported to stretch 1.5 miles from
the ferry terminal east to the 90-degree bend in SR 20.  Fishing activity was apparently focused
to the east near the ponds.  Fishing intensity was reported to be “shoulder to shoulder” on some
days during the run.  On two days in late July and mid-August (see Appendix G), five to ten
anglers were observed fishing in this area.  These dates correspond to a period prior to the coho
run, although one fish was observed to be caught during the mid-August visit.

Anecdotal evidence suggests that fishing intensity is seasonally higher at the east end of the spit
than at the west end. As such, potential impacts on the fishery would be higher in the east study
area.  In either case, the effects of a ferry terminal on shore- (or boat-) based sport fishing are
unknown and WSF could build a fishing pier as mitigation.  Since salmon are rarely close
enough to shore to catch and fishing piers would extend the salmon fishing opportunity into
deeper water, a case could be made that it is likely that fishing opportunities would be improved
with a fishing pier.  This is more likely to be true near the west end of the spit than the east end
based on the fact that fishing intensity seems to be higher on the east end.  This would imply that
salmon get closer to shore at the east end and are hence more catchable.

Boat Launch Safety
The Keystone Harbor boat launch is near the existing ferry approach and landing (see Figure 4).
Boaters are at risk if they stray into the middle of the harbor at the wrong time, which could
happen as a result of not paying attention or from motor failure.  It is common for an outboard
motor to stall soon after launching when the motor is cold.  When the ferry is adjacent to the boat
launch, it is committed to its line of approach to the terminal and there is no room to maneuver
away.  In addition, the ferry may be off course or trying to redirect steerage after negotiating the
shear currents at the south end of the jetty.  Moving the terminal outside of Keystone Harbor
would alleviate this hazard.

Wetlands
Marine wetlands (intertidal habitats) extend along the entire shoreline of the study area.  Upland
wetlands are only present near the east end of the spit.  Figure 8 shows the four wetland
classifications that pertain to the study area.  Two of the wetlands are ponds formed from an old
gravel mine that operated between 1911 and 1914.  Another nearby wetland appears on the
National Wetland Inventory (NWI) maps as PEMC (a freshwater marsh) near the ponds.  This
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wetland is located north along the eastern shoreline of Crockett Lake, extending a short distance
west of the ponds and shoreward of SR 20 for a very short distance. In all likelihood, however,
this wetland stops at the upland side of the SR 20 road prism and the image that appears on the
NWI maps is an artifact of poor GIS-laying resolution.

Moving the ferry terminal to either the east end or the west end of the spit would miss the
wetlands identified on the NWI maps; however, a field delineation would be necessary to verify
this conclusion and satisfy permit regulations.

Upland Vegetation
Upland areas near the study area are disturbed due to past surface grading (mining, road
construction, etc.).  In addition, public amenities and utilities (roads, parking lot, beach access,
electric converter station, etc.) limit native vegetation.  The invasive vegetation species of tansy
and Scot’s broom dominate this area, along with native and introduced grasses (Poa spp.,
Festuca spp., etc.).  Established native vegetation communities predominate in the wetland
system described above.  According to information issued from Washington Department of Fish
and Wildlife’s Priority Habitats Division and Washington Department of Natural Resource’s
Natural Heritage Program, sensitive upland vegetation species and/or communities likely do not
exist on the spit in the study area.

Moving the ferry terminal to either the east or west area of the spit would not likely impact the
native upland vegetation.  In addition, if mitigation were required, the vacant terminal site could
be restored with native upland and tidal marsh vegetation species, thus incrementally improving
the vegetation on the spit.
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Wildlife
Wildlife habitat and use are diverse near the study area.  Marine-orientated fauna use nearshore
habitat areas for staging, resting, and/or roosting.  Gulls (Larus spp.), pigeon guillemot (Cepphus
columba), and assorted waterfowl (sea ducks) appear to be the dominant marine fauna.
Freshwater-type fauna that occur near the study area are predominantly duck and heron varieties
of birds, with the occasional mammal (coyote, rabbit, vole, etc.) near Crockett Lake and the two
ponds.  Information provided by the Audubon Society and included in Appendix A indicate that
over 200 species of birds have been identified in the area.  Information from Washington
Department of Fish and Wildlife’s Priority Habitats Division reveals occasional sightings of bald
eagles over Crockett Lake, the spit, and Admiralty Bay, but no resident or routine use is
documented.  In addition, marine mammals seldom occur near Admiralty Bay based upon
information provided by wildlife resource agencies.

Moving the ferry terminal anywhere along the spit would not likely impact wildlife species as
the existing ferry terminal is already in close proximity to the Keystone Spit-Crockett Lake area.
Opportunities to enhance wildlife habitats, and thus wildlife use of the spit and nearshore areas,
could be accomplished through mitigation or restoration plans identified in the Wetland and
Upland Vegetation sections above.

Habitat Mitigation Potential
Moving the ferry terminal from the harbor to a location along Keystone Spit would provide
many opportunities for mitigating aquatic, terrestrial, and recreation impacts.  Restoration of the
existing ferry terminal site with native vegetation would mitigate, for the most part, upland
impacts.  Loss of macroalgae habitat would be more than made up for by the cessation of ferry
traffic in Keystone Harbor.  Diver safety would improve due to greater separation and direction
of the dominant water current near the Keystone Conservation Area.  Moving the ferry terminal
would add connectivity to the state park by turning the harbor into a park-only setting combining
the camping area and boat launch with the harbor.  Shore fishing impacts in the west study area
of the spit would be more than offset by a fishing pier.  Shore fishing impacts in the east study
area would probably be offset by a fishing pier, but would need to be investigated further to
evaluate the situation at this location.

The issue of connectivity between Crockett Lake and Admiralty Bay was raised by several
stakeholders.  Our preliminary investigation revealed the existing connection is via two 30-inch-
diameter culverts and a tidal gate that connects the lake to Keystone Harbor.  During the
environmental process for the project, this connectivity would be studied and the existing flows
would be maintained or improved as part of the project mitigation.
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Summary of Analysis
Table 3 summarizes the relative impacts for each environmental factor.

TABLE 3
Relative Impacts by Environmental Factor

West Study Area East Study Area

Factor
Impact
Level

Fatal
Flaw

Impact
Level

Fatal
Flaw

Eelgrass None No None No

Macroalgae Minor No Minor No

Keystone Conservation Area  SCUBA Diver
Safety

Less than
existing

No None No

Keystone Conservation Area Ecosystem None No None No

Sport fishing Low No Some No

Boat Launch  Safety Less than
existing

No Less than
existing

No

Wetlands None No None No

Upland Vegetation Minor No Minor No

Wildlife None No Some No

Note: Fatal flaw refers to an environmental impact that would prevent relocation of the ferry terminal.

Cost
Preliminary cost estimates for terminal sites at the east and west study areas (Table 4) were
developed using conceptual level costs from similar terminals currently being designed by
Terminal Engineering.  The cost estimates include assumptions for mitigation and funding to
cover the expense of environmental evaluation and studies.  It is assumed that right-of-way could
be leased from State Parks.  The program estimates have been developed in a range that includes
one or two slips for either terminal.  For the east area, a single-slip and double-slip layout would
vary from $36 million to $45 million, respectively.  For the west area, the range would be from
$53 million to $62 million for the single and double slip, respectively.  The higher estimates for
the west study area reflect longer trestle construction and two additional dolphins to protect the
diving area east of the jetty.

It is important to note that approximately $10 million is allocated in the capital program for
preserving the existing terminal in its current location over the next 10 years.  If the terminal
location project continues, much of this $10 million could be allocated toward constructing a
new terminal, thus lowering the required additional capital monies to the range of $26 million to
$52 million.



TABLE 4
Feasibility-Level Cost Estimate

2nd Slip 2nd Slip

Item Unit Unit Price Quantity Cost Extension Quantity Cost Extension

Upland Terminal $1,947,547 $1,965,073
Clearing and Grubbing Acres $11,000 3.0            $33,000 3.2               $35,200
Overburden Excavation CY $7 4,840        $33,880 5,163           $36,139
Terminal Pavement incl. Base SY $15 13,068      $196,020 13,939         $209,088
Concrete Sidewalk SY $20 711           $14,222 711              $14,222
Concrete Curb and Gutter LF $15 2,500        $37,500 2,500           $37,500
Striping and Signing LS $20,000 1               $20,000 1                  $20,000
Storm Drainage LS $62,924 1               $62,924 1                  $62,924
Toll Booths EA $50,000 2               $100,000 2                  $100,000
Terminal Building SF $300 3,000        $900,000 3,000           $900,000
Storage Building SF $100 500           $50,000 500              $50,000
Mitigation LS $500,000 1               $500,000 1                  $500,000
Marine Terminal (2 Slips) $16,094,000 $5,150,000 $10,240,000 $5,150,000
Pier Section SF $160 50,650      $8,104,000 21,888         $3,502,000
Covered Walkway SF $90 6,000        $540,000 3,200           $288,000
Bridge Seat Ea $200,000 1               $200,000 $200,000 1                  $200,000 $200,000
Transfer Span Ea $550,000 1               $550,000 $550,000 1                  $550,000 $550,000
Electrical and Mechanical 
Systems for Transfer Span Ea $800,000 1               $800,000 $800,000 1                  $800,000 $800,000
Towers, Headframe & 
Foundations Ea $500,000 1               

$500,000 $500,000
1                  

$500,000 $500,000
Wingwalls Ea $1,000,000 1               $1,000,000 $1,000,000 1                  $1,000,000 $1,000,000
Inner Dolphins Ea $450,000 2               $900,000 $900,000 2                  $900,000 $900,000
Outer Dolphins Ea $600,000 2               $1,200,000 $1,200,000 2                  $1,200,000 $1,200,000
Protective Dolphins Ea $500,000 2               $1,000,000 -               $0
Covered Waiting Area SF $150 2,000        $300,000 2,000           $300,000
Mitigation LS $1,000,000 1               $1,000,000 1                  $1,000,000
Utilities $770,000 $770,000
Water Supply System LS $100,000 1               $100,000 1                  $100,000
Sanitary Sewer System LS $70,000 1               $70,000 1                  $70,000
Communication System LS $100,000 1               $100,000 1                  $100,000
Electrical Supply and Distributio LS $500,000 1               $500,000 1                  $500,000
SR 20 Improvements $550,000 $550,000
Center  left turn lane LS $400,000 1               $400,000 1                  $400,000
Signal LS $150,000 1               $150,000 1                  $150,000
Subtotal Without Mobilization $19,361,547 $5,150,000 $13,525,073 $5,150,000
Mobilization 10% $1,936,155 $515,000 $1,352,507 $515,000
Subtotal With Mobilization $21,297,701 $5,665,000 $14,877,581 $5,665,000

Design Contingency 30% $6,389,310 $1,699,500 $4,463,274 $1,699,500
Subtotal with Contengency $27,687,012 $7,364,500 $19,340,855 $7,364,500

Sales Tax 8.3% $2,298,022 $611,254 $1,605,291 $611,254
Subtotal with Contengency $29,985,034 $7,975,754 $20,946,146 $7,975,754

Construction Engineering 10% $2,998,503 $797,575 $2,094,615 $797,575
Construction Contingency 5% $1,499,252 $398,788 $1,047,307 $398,788
Subtotal $34,482,789 $9,172,117 $24,088,068 $9,172,177

Environmental Impact Statement $3,000,000 $3,000,000
Design Engineering 15% $4,153,052 $1,104,675 $2,901,128 $1,104,675

Project Totals (rounded) $42,000,000 $10,000,000 $30,000,000 $10,000,000

Total Cost Total Cost

2003 $$ 2003-2005 2005-2007 2007-2009 Inflated 
$30,000,000 3,000,000$ 8,000,000$   25,000,000$   $36,000,000
$40,000,000 4,000,000$ 11,000,000$ 33,000,000$   $48,000,000
$42,000,000 4,000,000$ 11,000,000$ 35,000,000$   $50,000,000
$52,000,000 5,000,000$ 14,000,000$ 43,000,000$   $62,000,000West Terminal Double Slip

Inflated to Biennium of Expenditure

East Terminal Single Slip
East Terminal Double Slip
West Terminal Single Slip

West Terminal w/Single Slip East Terminal w/Single Slip

 20
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CONCLUSION

The potential relocation of the Keystone ferry terminal to a location outside of the existing
harbor has been studied with respect to operational benefits, construction feasibility,
environmental impacts, and cost.  This initial relocation feasibility study has shown that the
terminal could be relocated, pending a thorough environmental review, to accommodate new
vessels and improve service on the Keystone-Port Townsend run.  The relocation will also
improve overall systemwide service and efficiency because incorporating more standard sized
vessels in the fleet would improve reliability of the entire ferry system and ultimately increase
customer satisfaction.
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Summary
Williamson and Associates, Inc. is pleased to present the results of the geophysical
investigation conducted October 23 and 24 for the Keystone Ferry project.  The field
data are for an approximate 1000-foot by 8000-foot area lying adjacent to and
immediately to the east of Admiralty Head, Whidbey Island, Washington.  The
geophysical data consist of simultaneous acquired shallow seismic, sub bottom profiler
and differential GPS positioning data.

Personnel
•  Richard Graham Geophysicist Williamson & Associates
•  Peter Jepsen Navigator Jepsen Technical Services
•  Jim Muesey Boat Operator Evans Hamilton

Equipment
•  R/V Reflux 25-foot Survey Vessel
•  Honda Generator 2.5kW Electrical Generator
•  Datasonics Bubble Pulser 400Hz Shallow Seismic Profiling System
•  Datasonics SBP 1200 3.5kHz Sub Bottom Profiling System
•  ISIS Sonar Processor Sonar Data Acquisition & Processing
•  EPC 1086 Thermal Graphic Recorder
•  FieldWorks Laptop PC Navigation Computer
•  HyPack Max Navigation Data Acquisition & Processing
•  Trimble Ag132 dGPS Differential Global Positioning System

Survey System
The R/V Reflux, a 25-foot converted gill-netter, is owned and operated by Evans-
Hamilton Inc. of Seattle, WA.  The Reflux powered by twin inboard outboard motors is
highly maneuverable and features a large open fore deck and numerous modifications
making it an ideal as a near-shore survey platform.  System power to run all survey
computers and electronics was supplied by a 2.5kW Honda generator.

The Datasonics 1200 sub-bottom profiler system, configured with a pair of Massa 3.5kHz
transducers, was deployed from a pivoting overboarding pole on the port side
amidships.  Lines, fore and aft, secured the unit to the vessel and limited its movement
in the water.  The transducer face was 2 feet below the water surface.

The bubble pulser source, mounted on a ‘surf board’ arrangement, was towed starboard
near the stern.  The receiving array, an 8-foot single-channel, multi-element streamer,
was towed starboard and forward of the acoustic source.  The leading edge of the array
was attached to a down rigging pole and the tail was supported by a small float; this
arrangement held the array outside the bow wake and just below the water surface.
The separation between the source transducer to the center of the array was 10 feet—
the correction for the array-transducer separation is negligible at the working depths
encountered.



Preliminary
C-3

The dGPS antenna was mounted to the roof of the wheelhouse along the centerline of
the boat.  This arrangement placed the placed the antenna three foot aft of both the
3.5kHz transducer and the acoustic center of the bubble pulser system.  No navigation
correction was applied to these offsets.

25ft

3.5kHz
Transducers

Bubble Pulser
Source

2.5kW
Generator

dGPS
Antenna

Seismic Streamer
Array

10ft

10
ft

W
he

el
ho

us
e

Deck Plan

R/V Reflux

Figure 1.  R/V Reflux Deck Plan.

Activities
The survey team arrived at the Admiralty Head State Park boat launch at 0745hr on the
morning of October 23, 2002.  Heavy fog blanketed the coast causing the Washington
State Ferry system to suspend operations between Keystone and Pt. Townsend.   The
R/V Reflux was launched and survey mobilization immediately commenced; the
geophysical and navigational hardware were installed, integrated, tuned and collecting
test data by approximately 1300hr.

The fog had abated somewhat but visibility was still marginal (~500ft) as survey
operations commenced.  A minor error was soon apparent, the AutoCAD digital site map
intended to serve as the background map for the HyPack navigation system, and to
which the intended survey plan had been overlain, was discovered to contain negative
grid values.  HyPack could read the file but the locality plotted incorrectly.  In an effort
to provide orientation in the limited visibility environment, a survey line, parallel to the
beach, was run at about 10ft depth contour.  New survey lines were then charted using
this line as a reference.

Shortly after completing the beach line, the fog returned reducing visibility to ~200ft.
Compounding matters, a strong long-shore current was encountered a few hundred feet
from shore making boat handling difficult.  Four survey lines were successfully run
though the trackline quality was marginal; and a fifth survey line was abandoned after
five unsuccessful attempts.  Survey operations were suspended at 1600hr due to the
combined effects of fog, currents and gathering dark.  The boat was partially de-
mobilized, loaded on to the trailer while the survey crew stood down to spend the night
in Coupeville.
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Heavy fog the morning of October 24, had again reduced visibility to ~100ft.  Prior to
launching the boat, the navigation system was re-mobilized and ~8 minutes navigation
data were collected as the boat was trailered west on Highway 20 for approximately 1
mile.  These data were later analyzed and are found to be in very good agreement to
the survey data provided in the AutoCAD drawings.  The R/V Reflux was launched at
1000hr, fully remobilized and standing by for survey 1130hr. By 1200hr the fog had
lifted to a point where operations could resume.

Currents again made boat handling difficult; however, at least until ~1500hr visibility
was sufficient to keep reference landmarks in sight as the boat navigated into the
current.  Working from west to east, twenty-nine new data lines were shot including re-
shooting the four lines from the previous day.  Boat handling was considerably better
with only four of the new data lines requiring re-shot.

The ‘tie’ line was last line in the sequence, and at its start, visibility had again decreased
to ~100ft.  Navigation was considerable aided by the ship’s radar, which, despite the
absence of navigable landmarks, permitted the boat to maintain a specified distance
from shore.  However, while maneuvering onto the second ‘tie’ line, the R/V Reflux,
encountered boat traffic at a distance, which we considered too close for the weather
conditions and survey operations were ceased without running the remaining two tie
lines.

Data Collection
In total, twenty-nine ~1000-foot long survey lines, oriented normal to the 8000 feet of
shoreline were collected--average line spacing was 300 feet.  Survey speed was
nominally 3 knots.  All data reported herein were collected between 1200hr and 1630hr
on October 24.  One ‘tie’ line was also collected during this time. During this interval, the
tide rose from 5.7ft to 6.8ft above MLLW (Figure 2).

For each line, two channels of high-resolution data were collected with both sources
operating concurrently and timed from a single sync pulse.  Initially, the data were
collected at ping rate of 0.125s and a sampling rate of 2048 samples per ping, however,
early on, it was noted that the bubble pulser was occasionally unable to maintain this
cycle rate—likely the result of the transmitter capacitors being slightly underpowered by
the deck generator.  To avoid data dropouts, the ping rate was reduced to 0.250s and
the sample rate increased to 4096 samples per ping.  The net effect is that the vertical
sample density remains the same, the duration of the record is twice as long, while the
horizontal sample rate decreases by a factor of two (for any give survey speed).
Nonetheless, the survey lines were typically ~1100ft long and the files contained
~900-1050 pings—approaching one ping per foot along track.

The acoustic data were collected digitally using an ISIS sonar data acquisition system
and stored in the native ISIS .XTF format.  An XTF file consists of a series of records,
one for each ping, with each ping having its own header.  In addition to tracking various
system variables, the XTF header can accommodate navigation information.

During Keystone operations, real-time navigation data were provided by a Trimble Ag-
132 dGPS unit with the data being collected and logged by the HyPack Max system.
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Raw navigation data were fed from HyPack and stored in ISIS files as: GPS time,
latitude and longitude.  The ISIS data are standalone, however, a corresponding raw
navigation file, containing more fully detailed information to aid in navigation diagnostics
and post processing, are recorded by HyPack.

Tide Curve
Admiralty Head 

October 23-24, 2002 
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Figure 2  Tide curve for Admiralty Head, Whidbey Island.  Shaded region is the interval in which the survey was
conducted.

Geophysical Interpretation
Overall, the geophysical data quality is quite good; with the fog curtailing boating
activity and with almost no wind to generate waves, the water proved to be acoustically
very quite, and the effects of boat heave and roll were insignificant on the record.
Likewise, the navigation data were very high quality; dGPS lock with the correction
beacon was maintained throughout the survey operations.  Minimal post-processing of
the navigation data was required; the raw navigation data were converted to local grid
coordinates (NAD 83, Washington State Plane, US survey Foot) and vertically tide-
corrected to MLLW using the tide curve in Figure 2.

The 3.5kHz source achieved of ~15-20m of acoustic penetration and the bubble pulser
(~400Hz) often exceeded 50m.  Over the depth interval where they overlapped, the
complementary data that these two sources provided significantly aided in the
geophysical interpretation.

The bathymetric information was obtained tacking the first return in the 3.5kHz record
using the automatic bottom-tracking feature of ISIS.  The 3.5kHz data provided
consistent bathymetry when compared to the bathymetric data supplied by Washington
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Ferry System.  The sub-bottom information was tracked manually using ISIS’s sub-
bottom picking utility.

This report informally recognizes two seismo-stratigraphic units, an upper and a lower
unit.  The upper unit is characterized by numerous sub-parallel, shallowly south-dipping
reflectors.  This unit is clearly stratified on the 400Hz record and is reflective but poorly
stratified on the 3.5kHz record suggesting that is likely composed of coarse sands and
gravels with inter-bedded muds.  In the survey region, the base of the unit occurs
between 90–115 feet below MLLW.  The lower unit is reflective almost completely
unstratified and is at least 25 feet thick suggesting that the material is a glacial till.
Intermittently, the base of the lower unit can be seen on the record, and the material
below has a similar acoustic character as the upper unit.

The present sea floor is an unconformity that clearly truncates the upper unit’s sub-
horizontal reflectors.  As is the case of most the channels in Puget Sound, the cutting of
this surface probable dates to sub-glacial channel formation during the Vashon Stade
with relatively minor modification having occurred due to subsequent tidal activity.

The boundary between the upper and lower unit is less distinct, though the contact does
appear to show ~15 feet of local topographic relief—suggesting that this surface too is
an unconformity.  Across the survey area, this surface is generally south dipping and
occurs between ~85 and ~115 feet below MLLW.

Figure 3  Composite geological cross section.
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Appendix A
Line Log

Date SOF EOF Duration Tide
   KeyW15 10/24/02 12:28:22 12:31:34 0:03:12 5.8
   KeyW14 10/24/02 12:32:08 12:41:45 0:09:38 5.8
   KeyW13 10/24/02 12:43:41 12:48:21 0:04:40 5.8
   KeyW12 10/24/02 12:50:05 12:54:07 0:04:01 5.8
   KeyW11a 10/24/02 12:57:29 13:01:00 0:03:30 5.7
   KeyW10 10/24/02 13:02:10 13:05:53 0:03:42 5.7
   KeyW9 10/24/02 13:09:19 13:13:26 0:04:06 5.7
   KeyW8a 10/24/02 13:18:51 13:22:31 0:03:40 5.8
   KeyW7 10/24/02 13:24:29 13:24:29 0:00:00 5.8
   KeyW6 10/24/02 13:30:57 13:35:43 0:04:46 5.8
   KeyW5 10/24/02 13:37:30 13:43:02 0:05:32 5.8
   KeyW4 10/24/02 13:44:20 13:48:44 0:04:25 5.9
   KeyC11 10/24/02 13:54:04 13:54:59 0:00:55 5.9
   KeyC10 10/24/02 13:56:07 14:00:30 0:04:24 5.9
   KeyC9 10/24/02 14:02:00 14:06:49 0:04:49 5.9
   KeyC8 10/24/02 14:07:40 14:11:51 0:04:11 5.9
   KeyC7 10/24/02 14:13:12 14:17:53 0:04:41 6.0
   KeyC6 10/24/02 14:18:45 14:22:41 0:03:56 6.0
   KeyC5 10/24/02 14:23:55 14:28:09 0:04:14 6.1
   KeyC4 10/24/02 14:29:21 14:33:06 0:03:45 6.1
   KeyC3 10/24/02 14:34:47 14:39:10 0:04:24 6.1
   KeyC2 10/24/02 14:40:07 14:44:03 0:03:56 6.2
   KeyC1 10/24/02 14:45:29 14:49:58 0:04:29 6.2
   KeyE 10/24/02 14:50:47 14:55:00 0:04:13 6.3
   KeyE7 10/24/02 14:56:24 15:00:41 0:04:17 6.3
   KeyE6 10/24/02 15:01:45 15:05:23 0:03:37 6.4
   KeyE5 10/24/02 15:06:44 15:10:51 0:04:07 6.4
   KeyE4 10/24/02 15:12:04 15:16:31 0:04:26 6.5
   KeyE3 10/24/02 15:17:28 15:21:22 0:03:54 6.5
   KeyE2 10/24/02 15:22:34 15:27:01 0:04:27 6.6
   Tie2 10/24/02 15:34:14 16:07:10 0:32:56 6.7
   KeyW15a 10/24/02 16:08:43 16:12:09 0:03:27 6.8
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APPENDIX E

CONCEPTUAL TERMINAL DESIGNS

To adequately evaluate the feasibility of potential terminal sites it is necessary to have  a
complete understanding of the function of the new terminal.  The purpose of this memo is to
identify what the terminal area requirements will be so that a planning level concept design can
be developed and evaluated. This memo will set criteria for terminal requirements such as
number of slips, reliability of landings, holding area capacity, number of toll booths and similar
requirements.  This memo is not intended to set detailed design criteria such as seismic and
structural codes, etc.    Should the project move forward out of the planning arena, a detailed
design report would then be prepared.

The following is an initial draft of the design criteria.  This draft shall be circulated through WSF
planning, operations, and terminal and vessel design for input.  Once comments are received
from these departments a final conceptual design criteria document will be issued.

Draft Ferry Terminal Design Criteria

A. Design Vessels in order of importance

Vessels
Length

(ft)
Beam

(ft)
Draft
(ft)

Displacement
(LT) Passengers

Cars
(20 ft)

Issaquah 130 328 78.8 16.5 1200 130

Evergreen State 310 73 15.6 1200 100

(The design vessel shall be the Issaquah 130 Class, with potential for the Issaquah 100 and
Evergreen State Class vessels also

B. Terminal Operational Criteria:  The terminal reliability shall  be not less than the
average existing conditions at the Keystone terminal.  (The number of successful landings
and vehicles transferred shall not decrease as a result of relocating the terminal.)

C. Number and Type of Slips:  operational slip, with potential for a second slip if necessary
for landing in certain weather conditions.

D. Operation of Slips: Assume one vessel loading and unloading at a time.

E. Transfer Span:  Use standard transfer span for layout purposes.  The transfer span is
currently under redesign and changes will be incorporated into the layout as they become
available.

F. Staging Area Requirements: The holding area size requirement is at minimum one 130
car ferries  x 1.2 for sorting tall vehicles x 20 feet/vehicle = 3120 feet..
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G. Trestle Width:

Pedestrian Walkway 8’

Loading Lanes 2 @ 10’/ea = 20’

Exit Lanes 2 @ 11’/ea = 22’

Barriers with shy distance 2 @ 5’/ea = 10’

Total Width 60 ft.

H. Additional Parking: 50 spaces – 20 short term/30 long term.

I. Transit Pick Up/Drop Off Area: Space for one 40-foot bus at terminal building (on land).

J. Terminal Building:

Office Space: 500 sq. ft.

Waiting Room: 750 sq. ft. (based on 250 people x 3 sq. ft. per person)

Mechanical Room: 200 sq. ft.

Restrooms: 150 sq. ft. men’s (three stalls minimum, as per UBC)

150 sq. ft. women’s (three stalls minimum, as per UBC)

Storage: 200 sq. ft.

Employee Areas 400 sq. ft. for lockers, unisex restroom, small break area

Total Area 3,000 sq. ft.

K. Toll collection facilities: 130 cars every 45 minutes/2.6 vehicles per minute = 50 toll
booth minutes so two toll booths required.

L. Vehicle Access:  The terminal shall be accessed only from the east, off the SR 20 spur.

M. Pedestrian Access: There will be a  8-foot-wide sidewalk from the highway to the
terminal building to the trestle.

N. Utilities: The terminal will need full utilities to include water, sewer, power, telephone

O. Maintenance Building: Assume no maintenance facilities.  Allow 200 square feet on
trestle for garbage and hazardous waste storage.
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APPENDIX F

TRAFFIC ASSESSMENT

Washington State Ferries (WSF) is investigating the possible relocation of the Keystone
Ferry Terminal to a location east of the current dock on State Route (SR) 20.  A relocation
would allow a larger vessel to dock at the Keystone terminal.  The potential locations are
near the current site, therefore travel patterns are expected to remain the same.

Currently, the Steel Electric Class vessels serves the Port Townsend – Keystone route.  This
ferry provides capacity for 75 vehicles.  If the terminal was relocated, a larger vessel that can
accommodate 130 vehicles could be put into service for this route. WSF considers the PM
peak period from 4 pm to 7 pm, but to quantify the traffic conditions for the most
conservative hour within that period, 5 pm to 6 pm is selected.  During the PM peak hour, the
vessel currently departs twice at Keystone (5:15 pm and 6 pm) and arrives once (5:15 pm).
This schedule is expected to remain the same if the terminal is relocated.

Assuming the ferry vessel departs and arrives at capacity, a total of 225 vehicles (75 vehicles
for three boat loads) load and off-load at Keystone during the peak hour. To account for non-
ferry traffic, such as ferry-related terminal activities, walk-on passengers and State Park
drivers, an additional ten percent is assumed to travel on this portion of SR 20. Combining
these two volumes, 245 vehicles currently travel along this segment of SR 20 in the PM peak
hour. In addition, daily traffic data is available from WSDOT.  Currently 1,000 vehicles
travel on this segment of SR 20 each day.

Using the same assumptions described above, the potential terminal locations and vessel
upgrade would increase the PM peak hour traffic volumes along SR 20 to 430 vehicles (130
vehicles for three boat loads with an additional 10 percent). Daily traffic volumes are also
expected to increase. It is assumed the daily volume would increase similar to the PM peak
hour increase, therefore approximately 1,900 vehicles would travel on this segment of SR 20
each day if the terminal was relocated.  Table 1 displays the traffic volumes for each
condition.

TABLE 1
SR 20-Keystone Ferry Terminal Traffic

Location/Condition PM Peak Hour
Volume

Daily
Volume

PM Peak Hour
V/C1 Ratio

Daily V/C1

Ratio
PM Peak

Hour LOS2
Daily LOS2

SR 20 (@ Keystone Terminal) –
Existing Terminal Condition

245 1,000 0.14 0.06 A A

SR 20 (@ Keystone Terminal) –
Relocated Terminal Condition

430 1,900 0.24 0.11 B A

1 - V/C – volume to capacity ratio
2- LOS – Level of Service.
V/C to LOS Guidelines: LOS A < 0.15, LOS B < 0.27, LOS C < 0.43, LOS D < 0.64, LOS E < 1.0, LOS F > 1.0

A two-lane highway facility, such as this segment of SR 20, can accommodate approximately
18,000 vehicles per day1 (both directions). During the peak hour, this facility could
                                                     
1 King County Planning Roadway Capacity Guidelines for a rural two-lane roadway.
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accommodate up to 1,800 vehicles per hour (both directions). Assuming this capacity, SR 20
is currently at 14 percent of capacity in the PM peak hour.  With larger vessels on the
existing schedule, the v/c ratio is expected to increase to 0.24.  Based on daily volumes, the
v/c ratio is expected to increase from 0.06 to 0.11.

To establish a level of service (LOS) for the roadway, v/c ratio to LOS guidelines were
developed based on the Highway Capacity Manual2 (see Table 1 notes for the thresholds).
Currently, this segment of SR 20 in the PM peak hour operates at LOS A and is predicted to
operate at LOS B with larger vessels.  Considering the daily volumes, SR 20 is predicted to
operate at LOS A for both conditions.  See Table 1 for v/c and LOS results.  LOS A and B
are considered at or near free-flow conditions with minimal traffic interruptions, therefore the
potential ferry terminal relocation is predicted to not adversely impact SR 20.

                                                     
2 Highway Capacity Manual, 1997.  The 2000 HCM does not state v/c ratio to LOS guidelines.
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